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COMPLETE SPECIFICATION 

Ion-Exchange apparatus and processes 



We, The Pernutit Compaky Limited, a 
British Company, of Permutit House. Gun- 
nersbury Avenue. London. W.4, do hereby de- 
<T.re the invention, for which we pray that 
5 a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment : — 

In the operation of an ion-exebanse process 

10 r.\ passage of a liquid through a bed of ion- 
e:, change material, it is necessary from time 
to time to regenerate the bed by the passage 
of a regencrant liquid through it. In practice, 
the flow of the liquid under treatment is usuai- 

15 !v downwards through the bed. When the bed 
must be regenerated, it is always first back- 
washed by upward now of liquid to remove 
entrapped impurities, and then in practice it 
is regenerated by downward flow. Thereafter 

20 ir.e bed r, rinsed downwardly before service 
Mow begins again. 

It is well established that such downward 
regeneration is inefficient because the fresh re- 
gcrerant comes into contact with the top of 

25 i he bed and by the time it reaches the bottom 
it is no longer in the best condition for regen- 
eration. As a result the quality of the treated 
ii.iuid leaving the bed in the subseouent service 
run is not as good as it might be. 

30 Various proposals have been made for 
ejecting regeneration in countercurrent, but 
conventional regeneration is the more usual 
dL-rpite its disadvantages. 

According tc the invention a closed vessel 

35 containing ''but no: filled bv'< a bed of ion- 
e> change material is divided into a centra] 
space and a surrounding space by a tube which 
o.icnds downwardly from the top of tne vessel 
be 1 ' which stop, L snort of the bottom of the 

40 vessel. Strainer!- which allow water but no: 
the ion -exchange material to pass and which 
may be of any of tne well-known kind^ are 
provided in the upper part of each space. The 



vessel has passages for the flow of licuid into 
it. through the strainers in the spaces in either 
direction and out of it. 

As a result flow of liquid through the bed 
can take place either downwards through the 
central space and then upwards throueh the 
surrounding space to leave at the top. or -jicc 
versa, the tube being partly or wholly filled 
with resin depending on the direction of flow 
of the liquid. 

A vessel holding a bed of ion-exchange mat- 
erial is commonly cylindrical. Inside a cylin- 
drical vessel the central tube should be coaxial 
with the vessel and of circular cross-section. 
It may be cylindrical, but preferably is frusto- 
comeal widening downwardly. 

The invention may be used with beds of 
cation-exchange or anion-exchanse materials. 
It is most advantageously used when these 
materials are resin beads because beds of such 
beads most easily move as a whole. 

The preferred vessel according tc the inven- 
tion will now be described bv way of example 
with reference to the accompanying diagram- 
matic drawing, in which Figure 1 shows the 
vessel and various pipe connections to it with 
the bed in the position it takes up during 
service flow, and Figure 2 shows the vessel 
alone with the bed in the position it takes 
up during regeneration. 

The drawing show? a cylindrical vessel 1 
of the kind used in ion-exchange processes, 
with a central frusto-conical tube 2 extending 
downwards from the top of the vessel to a 
point above the bottom. The vessel is thus 
divided into a central space 3 of circular cross- 
secf.on and a surrounding annular space 4 

In the upper part of the central space 3 
there is a fiat plate 5 which spans the tube 
2 and in which strainers 6 of the kind that 
cTow water rut not ion -exchange materia] to 
pass are mounted. The plate 5 thus divides 
the space ? into two. of which the upper is 



45 



50 



55 



60 



65 



70 



SO 



85 



?ri. c 6d.] 



1,065,403 



an inlet or outlet space 7. A passage for the 
flow of liquid to or from this sp.icc 7 is formed 
in a fitting S at the top of the vessel. 

In the other part of the annular sppcc 4 
5 there is a pipe 9 which runs from a nrtins 
iO in the well of the vessel and extends in 
2 nearly complete circle round the space 4. 
The inner end o: this- pipe is closed, and it 
carries steamers 1 1. 
10 The vessel is charged with ion-e:-:change 
beads shown by cross-hatchine. 

With the apparatus according to the inven- 
tion countercurren: regeneration becomes sim- 
ple. While the bed is beins used for the trea:- 
15 ment of liquid, say water, this liquid is sup- 
plied through a pipe 12 through the fitting 
10 to the pipe 9 to flow down through the 
annuiar space 4 and upwards through the cen- 
tral space 3. leaving through the Arcing 8 and 

20 a pipe 13. During this service flow the ion- 
exchange beads press against the underside of 
the plate 5 as shown in Figure 1. The bed 
is thus in a considerable state of compression. 
This is well known to be desirable in order 

25 to aviod channelling in the bed with the risk 
tnat liquid will flow- through the bed without 
making adequate contact with the ion-ex- 
change material. 

When the bed requires regeneration it is 

30 backwashed by water introduced through a 
pipe 14, and the bed is moved as a whole 
in the direction of flow to press against the 
top of the vessel as shown in Figure 2. 

At the end of the backwashmg step regener- 

35 ating liquid is introduced through the pipe 
14 and fining S to flow in the same way 
as the backwashins: water. 

When all the regeneration liquid has been 
introduced the bed is rinsed. Advantageously 

40 most of the rinsing liquid flows in the same 
direction as the regenerating liquid, that is to 
say it is introduced through the pipe 14 and 
leaves through the fitting 10 and pipe 15. 
However it is desirable to cause a small pro- 

45 portion of the rinsing liquid to flow in the 
reverse direction, that is to say to introduce 
it through the pipe 12 and fitting 10, and 
discharge it through a pipe 16 to drain. During 
the flow of this part of the rinsing liquid, the 

50 bed will move as a whole to be ready for 
the treatment of future liquid. 

As the liquid flows under the edge of the 
tube 2 in either direction, it may happen that 
little if any of it actually passes through the 

55 pan of the bed that lies on and just above 
the bottom of the vessel. Some of this pan 
of the bed may even not move on each reversal 
of flow. To avoid this waste of capacity, the 
bottom of the vessel is covered by a conical 

60 insert 17. 

Alternatively the bottom of the vessel mav 
be domed. 

Instead of providing the strainers at the 
top or the annular space on a pipe such as 
65 That shown at 9, they may be mounted in 




a flat plate that span? the annular space and 
that conveniently may be the same as ihe plate 
ih;-t spans the central tube; and a passage 
for the flow of liquid to or from the space 
above this annular plctj or the annular part 70 
of a single plate, may then he formed in the 
top or the side wall of the vessel. In this 
ca?e of cour-e the bed will be pressed against 
the underside of tins annular hat piatc when 
the- flow is upwards through the annuiar spare. 75 

WHAT WE CLAIM IS : — 

1. A closed vessel containing 'but not filled 
bv. a bed of lon-excharge material and divided 
into a centra! space and a surrounding space 

by a tube which extends downwardly from 80 
the top of the vessel but which stops short 
of the bottom of the vessel, strainers which 
allow water but not the ion-exchange material 
to pass being provided in the upper part of * 
each space and the vessel having passages for 85 
the flow of liquid into it. through the strainers 
in the spaces in either direction and out of 
the vessel, whereby flow of liquid through the 
bed can take place either downwards through 
the central space and then upwards through 90 
the surrounding space to leave at the top, 
or vice versa, the tube being partly or wholly 
flUed with resin depending on the direction 
of flow of the liquid. 

2. A closed cylindrical vessel containing (but 95 
not filled by'; a bed of ion-exchange material 
and divided into a central and a surrounding 
annular space by a frusto-conical tube tnat 

is coaxial with the vessel, extends and widens 
downwardly from the top of the vessel but 100 
stops short of the bottom of the vessel, 
strainers which allow water but not the ion- 
exchange material to pass being provided in 
the upper par: of each space and the vessel 
ha\ing passages for the flow of liquid into 105 
it. through the strainers in the spaces in either 
direction and out of the vessel, whereby flow 
of liquid through the bed can take place cither 
downwards through the central space and then 
upwards through the surrounding space to no 
leave at the top, or vice verse, the tube being 
partly or wholly filled with resin depending 
on the direction of flow of the liquid. 

3. A closed vessel according to claim 1 or 
claim 2 in which the strainers at the top of 
tne central space are mounted in a flat plate 
that spans the tube below the top of the vessel 
so as to form with the top of the vessel an 
inlet or outlet space, the pas^aop for the flow-' 

of liquid into the vessel to pas? through this 120 
space being formed in the top of the vessel. 

4. A closed vessel according to any preced- 
ing claim in which the strainers at the top 
or the surround w.z. space are on 2 pipe that 
extends round the space close to the top of 125 
the vessel, and that passes through the wall of 

the vessel or is connected to an opening in 
the wall. 

5. A closed vessel according to any preced- 
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p c jTi i r:i ir, which the bottom of the ve^e! 
domed o: covered by a conical insert. 
6 A closed vessel according to claim 2 suh- 
ntialiv as described with reference to the 
cn;nnany:ric diagrammatic drawings. 

An ion-exchange process for the treat - 
en; of Irj-id carried on in a closed vessel 
cord.ne: u ar.v preceding ciatm with pcriodi- 
i r^pent-ratier. :n co^ntcrcurrem to the now 
n.ni: live treatment. 



S A process according to claim " in which 
after being regenerated the bed is hrst rinsed 
by ringing liquid flowing m the bsme direction 
as the regenerating liquid, and thereafter the 15 
flow of rinsing liquid is reversed 

For the Applicants: — 
GILL, JENNINGS & EVERY. 
Chartered Patent Agents, 
M — 52, Chancery Lane, London. VT.C.2. 
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